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Inoculation of infectious Treponema pallidum into the
skin of chancre-immune rabbits results in a limited
inflammatory response. Intact organisms are identifiable
by immunofluorescence in the dermis of the infection site
for 1-2 days. By Day 3 structurally intact T pallidum are
seen localized in hair follicles, erector pili muscles, and
cutaneous nerves, while inflammatory cells containing
fluorescent (T pallidum ) fragments are seen in the dermis.
After Day 6 intact organisms are no longer found. It is

proposed that hair follicles, erector pili muscles, and par-
ticularly nerves may provide relatively protected sites for
T pallidum, and that T pallidum may migrate within
nerves. Clearance of organisms from the infected site ap-
pears to be mediated by phagocytosis and digestion by
macrophages as a result of an accelerated delayed hyper-
sensitivity response, but antibody-mediated destruction
and T pallidum migration may also be involved. (Am
J Pathol 1985, 118:248-255)

IT HAS long been known that resistance to reinfection
with Treponema pallidum occurs during the course of
human and experimental syphilitic infection.'-*> How-
ever, the mechanisms of resistance and the nature of
the immunopathologic changes resulting from reinfec-
tion are still poorly understood. Much of our knowl-
edge regarding the development of immunity during
syphilis is based on immunologic and histologic studies
in experimentally infected rabbits. In this model, the
primary lesion of syphilis appears to be a manifesta-
tion of delayed hypersensitivity. Following injection into
the testicle** or shaved skin® of nonimmune rabbits,
there is a marked increase in T pallidum at the injec-
tion site until approximately 12-14 days after inocula-
tion, when rapid clearing occurs. Clearance of infect-
ing organisms occurs at a time when there is a specific
systemic humoral and cellular immune response to T
pallidum’ and is associated with T-cell and macrophage
infiltration of the infection site and hyperplasia of
lymph nodes and spleen.® T-cell reactivity to T palli-
dum antigens can be demonstrated in the lymph nodes
and spleen within the first week after infection, and ris-
ing antibody titers occur soon thereafter.é-” Destruc-
tion of infecting organisms primarily occurs by phago-
cytosis and digestion by macrophages.® Although most
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of the infecting organisms are eliminated during this
response, a few escape immune destruction and persist
in the tissues of infected animals in the absence of tis-
sue lesions (latency).!-%¢-1° Disease may be transferred
with the use of tissue of animals in latency which dem-
onstrate no evidence of infection other than persistent
humoral and cellular immune reactivity.!-*!* The mech-
anism of persistence of viable organisms during latent
syphilis remains a mystery. Proposed mechanisms in-
clude immune suppression, antigen modulation, or iso-
lation of the organisms from immune attack in “pro-
tective niches.”!-3-6-12

The present study was designed for determination
of the fate of T pallidum injected into the skin of rab-
bits that had recovered from an active infection and were
resistant to challenge (so-called “chancre immunity”*-3).
The distribution of organisms was traced by im-
munofluorescence microscopy.
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Materials and Methods
Animals

A total of 19 adult male New Zealand white rabbits
were used. Thirteen of these rabbits were infected in-
tratesticularly and had gross and microscopically proven
syphilitic orchitis 6 months to 3 years prior to infec-
tion. All but 2 of the rabbits used were obtained from
Rancho de Conejo, Vista, California; 2 noninfected
control rabbits were obtained from Ray Nichols Rab-
bitry, Lumberton, Texas. All animals were fed
antibiotic-free food and were maintained at 18-20 C.

Experimental Infection

T pallidum, Nichols strain, was originally provided
by Dr. James N. Miller (UCLA) and has been subse-
quently passed in rabbits in our laboratory.** All rab-
bits were VDRL-nonreactive prior to initial infection.
In order to study the early events during reinfection of
immune rabbits, a series of five experiments as identified
in Table 1 was performed. The biopsy times were
selected to provide appropriate times after challenge
for determining the fate of the injected organisms.

Skin sites were biopsied by oval incision under
anesthesia at the times indicated in Table 1. At least
one site was left for gross observations until sacrifice
of the rabbit. The skin biopsies were bisected at the site
of inoculation. One part was fixed in 10% phosphate-
buffered formalin for staining with hematoxylin and
eosin (H&E), and one in 95% ethanol, 1% acetic acid
for immunofluorescence.® Tissue for light and fluores-
cence microscopy was processed as described previ-
ously.*$

Results
Gross Development of Lesions

As previously described by a number of investiga-
tors,* >3 the time of appearance of development of der-
mal syphilitic lesions in previously uninfected rabbits

Table 1—Experimental Design
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is dose-dependent. At the higher doses used in this study
(2.5 x 107 to 2 x 108 per site), erythema and indura-
tion are first seen at 24 hours. This reaction expands
to marked swelling and ulceration by Day 9-10. In
chancre-immune rabbits, very slight erythema is seen
1 day after infection. At 2 and 3 days after infection,
small areas of erythema and induration (less than 6-7
mm in diameter) are seen at most skin test sites, which
last for 3-4 days. By Day 9 little or no gross manifesta-
tions of inflammation are present.

In the group of rabbits inoculated with 10° organ-
isms, the development of gross lesions in the previously
uninfected rabbits is delayed, so that, at termination
of the experiment at Day 10, ulceration has not yet oc-
curred. No gross lesions are seen in chancre-immune
rabbits given injections of 10° organisms. The histologic
description which follows will concentrate on lesion de-
velopment in rabbits receiving the higher dosages of
T pallidum. Similar, but less intense, reactions are ob-
served in rabbits receiving 10° organisms.

Light Microscopy — Nonimmune Rabbits

The inflammatory response in the skin of nonim-
mune rabbits to the inoculation of T pallidum has been
described extensively?¢ and will be presented here briefly
for comparison with the response of chancre-immune
rabbits.

In nonimmune rabbits there is an early perivascular
and diffuse dermal infiltrate of polymorphonuclear het-
erophilic cells with slight edema, particularly in the
subepidermal connective tissue. By 24-48 hours the pre-
dominant cell type becomes mononuclear, but the de-
gree of inflammation is slight. There is a progressive
increase of round cells through Day 9, when there is
extensive infiltration of the dermis, particularly perivas-
cularly and around the hair follicles, with necrosis of
the overlying epithelium. After Day 10, but with times
that vary somewhat with individual rabbits, a primar-
ily small round cell infiltrate is replaced by a larger
monocyte population as well as increased fibroblastic
activity, eventually progressing to scarring.®

No. rabbits Challenge dose Biopsy times

Experiment Nonimmune Immune (No. organisms) Hours Days

1 1 1 5 x 107 05,1,2,4,6 1,2,3

2 1 3 2 x 108 1,6, 12 1,2,3,10

3 2 2 108 1,6 1,2,5,10

4 0 3 108 1, 2,3, 4,
5,6,7,
8,9, 10

5 2 4 2.5 x 107 6 1,2,3
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Light Microscopy — Immune Rabbits

Day 1

There is a mild perivascular mixed cellular infiltrate
predominantly around very small venules. Nerves, ar-
terioles, and larger veins are not involved. Polymor-
phonuclear heterophilic cells are in the majority
(approximately 60%), although some venules are sur-
rounded by mononuclear cells. A more diffuse polymor-
phonuclear heterophil infiltrate is present throughout
the dermis in many areas with prominent subepithelial
involvement and separation (edema) of collagen bun-
dles (Figure 1A). There is less intense staining and ap-
parent dissolution of collagen fibers immediately ad-
jacent to vascular areas (mucoid degeneration).

Day 2

There is a more prominent perivascular infiltrate than
at Day 1 consisting of approximately 30-50% heter-
ophils and 50-70% mononuclear cells, with increased
numbers of mononuclear cells, giving a cufflike appear-
ance (Figure 1B). Marked endothelial swelling and mar-
gination of mononuclear cells in venules is now appar-
ent. Cutaneous veins show perivenular infiltration of
mononuclear cells and a few heterophils. A diffuse,
mixed cellular infiltrate and edema are present in the
deep dermis. Hair follicles and erector pili muscles are
surrounded focally by heterophils.

Day 3

There is diffuse edema and infiltration with mono-
nuclear cells throughout the subepithelial and deep der-
mal connective tissue (Figure 1C) as well as marked
perivascular cuffing with endothelial swelling and mar-
gination. Small arterioles are essentially spared. The
perivascular infiltrate is now almost entirely mono-
nuclear. Further disruption of collagen in the perivas-
cular areas is evident. There is infiltration of some hair
follicles and erector pili muscles with mononuclear cells,
which is more prominent than at Day 2. Many cutane-
ous nerves are lightly infiltrated with heterophils and
mononuclear cells, but the structure of the nerve is still
recognizable.

Day 4

Perivenular cuffing is prominent, and there is also a
much more pronounced diffuse mononuclear cell
infiltrate in the upper dermis, with separation of colla-
gen bundles. Cutaneous nerves, erector pili muscles, and
hair follicles are surrounded by and lightly infiltrated
with mononuclear cells.

Day 5

Perivascular cuffing and more intense involvement
of cutaneous nerves are obvious. There is a marked in-
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crease in diffuse mononuclear cell infiltrates, particu-
larly in the upper dermis as well as more marked
mononuclear infiltration around and in the nerves, erec-
tor pili muscles and hair follicles (Figure 1D). Heter-
ophils now consitute less than 20% of inflammatory
cells. In the upper dermis, the normal, parallel arrange-
ment of collagen fibers is disrupted, and many frag-
mented cell nuclei are present. There are focal swirls
of dense collagen in the dermis corresponding in dis-
tribution to areas of collagen swelling and dissolution
seen earlier.

Day 6

The mononuclear cell infiltration is now much more
delineated around nerves (Figure 1E). There is less
diffuse infiltrate, and although still prominent, there is
less inflammation in the skin appendages. Some perivas-
cular infiltrates also contain RBCs. In prominent peri-
vascular infiltrated areas, cutaneous nerves are sur-
rounded by mononuclear cells. Nuclear debris and
mononuclear infiltrates are still present diffusely in the
upper dermis, whereas the lower dermis is relatively

" clear of diffuse infiltration, making the perivascular

component more clearly demarcated. The amount of
overall infiammatory cell infiltrate is less than seen on
Days 4 and 5.

Day 7

There is still prominent perivascular and upper der-
mal infiltrate, but less pronounced than on Day 6 (Fig-
ure 1F). Hair follicles, erector pili muscles, and nerves
show less intense inflammation. An apparent increase
in fibrous tissue and fibroblastic activity can be seen
around nerves.

Day 8 and 9

Some mononuclear and subepidermal infiltrate re-
mains, but it is much less than seen earlier. The veins
are cuffed by 3-4 cell layers of mononuclear cells. There
is little or no diffuse dermal inflammation. Cutaneous
nerves appear to be disrupted by residual mononuclear
cells, and there are spaces between the nerve fibers that
are not normally seen (Figure 1G).

Day 10

By Day 10, little inflammatory infiltrate remains.
There are few mononuclear cells surrounding small
veins. Cutaneous nerves and erector pili muscles are now
essentially free of inflammatory cells. Although some
disruption of nerve structure as seen on Day 9 is seen,
it is less severe.

Immunofluorescence

The number of T pallidum organisms in the dermal
connective tissue of nonimmune rabbits increases dur-
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Figure 1— Light-microscopic evaluation of skin lesions in “chancre-immune” rabbits. (H&E)
(x 160) B—Day 2. Mixed polymorphonuclear-monocyte vasculitis. ( x 160)
5. Mononuclear infiltrate around erector pili muscles. (x 160)
filtrate in and around nerve. (x 320)

A—Day 1. Separation of collagen (edema) in dermis.

C—Day 3. Dermal edema with mononuclear infiltrate. ( x 160) D—Day
E—Day 6. Perineural mononuclear infiltrate. (x 320) F—Day 7. Mononuclear in-
G—Day 9. Resolving neural inflammation. e, erector pili muscle; n, nerve.
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Figure 2—Immunofluorescence of T pallidum in skin of “chancre-immune” rabbits. (x 400) A—Day 2. B—Day 4. C—Day 5. D—Day
7. E—Day 8. F—Day 9. Intact organisms may be seen from Day 1 through Days 5-6 (note the arrow in B). The number of organisms in the
skin of chancre-immune rabbits decreases markedly after Day 3. Cells with fluorescent material become prominent on Days 4-8. By Day 9 little or no
fluorescence is seen except for material in cutaneous nerves. These studies suggest that T pallidum organisms do survive in the skin of chancre-immune
rabbits for 5-7 days but are eventually phagocytosed and digested by macrophages.

ing the first 9-10 days after primary inoculation.® Rapid In chancre-immune rabbits, organisms can be found
clearance of organisms is seen from 10 to 14 days, after concentrated in regions near the site of inoculation dur-
which time occasional organisms may be seen in der- ing the first 1-2 days. By Days 3-5 only rare organisms
mal connective tissue. At the time of clearance, fluores- can be seen, and after Day 6 organisms are no longer
cent material may be visualized in dermal mononuclear seen (Figure 2). At Day 1, organisms are located in the
cells.® dermis and appear structurally intact. On Day 2, many
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Figure 3—Preferential location of T pallidum in nerves, erector pili muscles, and hair follicles. A —Immune rabbit, 12 hours. B—Nonimmune rab-
bit, 48 hours. C—Immune, 72 hours. D—Immune, 72 hours. E—Immune, 72 hours. F—Immune, 72 hours. (x 400). There is a diffuse
spreading of organisms in the connective tissue of the dermis during the first 24 hours in both immune and nonimmune rabbits inoculated individually
with 2.1 x 10® viable T pallidum organisms. The cutaneous nerves contain few, if any, organisms for the first 12 hours after injection, but organisms
are seen prominently in cutaneous nerves and erector pili muscles and among cells in the hair follicles after 24 hours. This tendency is seen in both
nonimmune and immune rabbits. At 72 hours relatively few organisms are seen in the connective tissue of the dermis of immune rabbits, but organisms
are easily seen in nerves (C) and erector pili muscles (D) and focally among the cells of hair follicles (E). Note the perivascular cellular infiltrate in C
and preferential localization of fluorescent T pallidum organisms in nerves in B, C, D, and F. The inset (F) shows a nerve containing fluorescent T palli-

dum. a, artery; v, vein; n, nerve; e, erector pili; h, hair follicle.

intact organisms are still visible in some areas, but
perivascular and diffuse inflammatory cells containing
fluorescent fragments are also evident. By Day 3, the
diffuse and perivascular infiltrate has increased, and
many inflammatory cells contain fluorescent fragments.
Few intact organisms are seen. Fluorescent fragments
are prominent in subepidermal and perivenular inflam-
matory cells. From Day 4 to Day 6 there is consider-
able variation in fluorescent staining among different
sections. Intact T pallidum tend to be localized in the
upper dermis, hair follicles, erector pili muscles, and
nerve fibers (Figure 3). In most regions, however, in-
tact organisms are few in number, and there is fluores-
cent material in inflammatory cells. After Day 6 no in-
tact organisms are observed. Fluorescent fragments are

occasionally seen in inflammatory cells in the upper
dermis and in nerve fibers. After Day 9, no organisms
or fluorescent fragments are seen.

Discussion

So-called chancre-immune rabbits are not completely
resistant in reinfection by a second exposure to T palli-
dum. Chesney' and Magnuson and co-workers'*'* have
previously emphasized that immunity to reinfection in
syphilis is relative and dose-dependent, inasmuch as
asymptomatic infection can persist indefinitely follow-
ing reinoculation of chancre-immune animals. In the
present studies it is clearly shown that although there
may be little or no gross lesion development in chancre-
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immune rabbits challenged with T pallidum, intact or-
ganisms may be identified in the inoculation site for
up to 3-5 days after injection, even when relatively small
(10°) numbers or organisms are injected.

In nonimmune rabbits, the number of organisms in-
creases at the site of infection until a delayed hypersen-
sitivity reaction occurs, usually about 10 days after in-
oculation. Clearance of organisms is mediated by
infiltration by macrophages and digestion of or-
ganisms.>¢?

The fate of organisms in chancre-immune rabbits ap-
pears to be similar, but the inflammatory reaction and
clearance of T pallidum occur much more rapidly. How-
ever, other mechanisms in addition to delayed hyper-
sensitivity could be operative. T pallidum may be killed
directly or opsonized by antibody and complement.'s
However, antibody-mediated antimicrobial reactions
typically produce a polymorphonuclear cell infiltrate,
in contrast to the primarily mononuclear response seen
in human and experimental syphilis. In addition, obvi-
ous coating of T pallidum by host immunoglobulin in
lesions prior to or during clearance is not seen,¢® al-
though some reaction of humoral antibody with T pal-
lidum in situ may occur.'® Migration of T pallidum from
the site of infection undoubtedly accounts for part of
the reduction in numbers observed locally.>!* Such dis-
semination was shown to occur in “immune” rabbits
by Magnuson and Rosenau.!' They demonstrated that
T pallidum organisms capable of producing lesions in
other rabbits were present in lymph nodes following
reinoculation of chancre-immune rabbits which had
been treated with penicillin to clear the initial infection.

The results presented in this study suggest that T pal-
lidum may escape immune destruction by localizing in
protective niches. This concept was stressed by Medici'?
in an attempt to explain latency. Latency refers to the
presence of viable infectious organisms in the absence
of detectable tissue lesions. T pallidum in the skin may
temporarily escape immune attack by moving into the
nerves, erector pili muscles, and hair follicles. The locali-
zation of inflammation around nerves, hair follicles, and
erector pili muscles during the elimination phase of the
inflammatory reaction indicates that these sites are not
entirely “safe” for organisms during the cellular inflam-
matory response. It is also possible that T pallidum may
actually reside inside cells.’"22 In either case these
“niches” could provide protected sites for T pallidum
during active infection and latency.

Involvement of cutaneous nerves raises the possibil-
ity that T pallidum may pass to the central nervous sys-
tem (CNS) by transmission along nerve fibers.2*2* CNS
transmission via nerves is believed to occur in herpes
simplex infections.?*-?” Inflammation of nerve tissue is
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associated with the pathogenesis of tabes dorsalis and
optic atrophy in neurosyphilis, similar to the neuritis
and nerve dysfunction occurring during lepromatous
leprosy. Localization in erector pili muscles and hair
follicles may explain the frequent occurrence of inflam-
mation around these structures during secondary
syphilis with the clinical manifestation of alopecia, in-
cluding “motheaten” hair loss on the scalp and loss of
the lateral third of the eyelashes.

A major goal of this ongoing study is to determine
the fate of T pallidum inoculated into “immune”
animals. Specific immunofluorescent localization of
T pallidum in sites of intradermal inoculation revealed
intact organisms for the first 1-2 days; the subsequent
decrease in numbers of organisms correlated with the
appearance of mononuclear cells containing fragments
of fluorescent material. Similar observations in primary
testicular lesions are seen when organisms are being
phagocytized and digested by macrophages.® Electron-
microscopic studies, including immunolabeling
methods for T pallidum now being developed, are un-
derway; and the results should clarify further the ques-
tions raised by these experiments.
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